A residue substitution in phosphoribulokinase of Synechocystis PCC 6803 renders the mutant light-sensitive.
We have isolated a light-sensitive mutant (BRLS) of the photosynthetic cyanobacterium Synechocystis 6803 (S. 6803) that does not survive exposure to bright light: 70% of BRLS cells die upon exposure to light of greater than 3,000 lux for 2 h. A complementing DNA fragment from wild-type cells and the corresponding DNA from the BRLS cells have been cloned and sequenced. An open reading frame is found to encode phosphoribulokinase, a key enzyme in the enzyme system for photosynthetic carbon reduction (ES-PCR). The deduced peptide sequence of this enzyme is highly homologous to eukaryotic phosphoribulokinases but is not similar to known prokaryotic phosphoribulokinases. The mutation responsible for the phenotype of BRLS is a single nucleotide change that results in substitution of phenylalanine for Ser-222 in the phosphoribulokinase. The catalytic activity and the apparent affinity for ATP of the mutated kinase are about one-tenth and one-seventh those of the wild-type kinase, respectively. Furthermore, the mutated kinase is selectively degraded in BRLS cells in bright light. Degradation of the mutated kinase and cell death in bright light can be suppressed by inhibiting photosynthetic electron flow (PS-EF) with 3-(3,4-dichlorophenyl)-1,1-dimethylurea. The data indicate that PS-EF is not impeded by an impaired ES-PCR although the ES-PCR activity is controlled by the rate of PS-EF. Continued PS-EF in the absence of the normal substrates for carbon reduction appears to result in damage to cellular components essential for life or in the generation of lethal components.